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1. Introduction
In RAN plenary 98 meeting, a new WID[1] for Rel-18 was approved to identify network energy saving for NR. The related SI phase has been finished[2] and during SI phase no RAN4 aspects referred to. While during the WI phase, some RAN4 aspects are related, the objectives of the core part of the WID are listed as follows. The objectives related to RAN4 were highlighted.
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]
2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3]
7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


During the SI phase, it has been concluded that the power consumption of a radio access can be split into two parts: the dynamic part which is only consumed when data transmission/reception is ongoing, and the static part which is consumed all the time to maintain the necessary operation of the radio access devices, even when the data transmission/reception is not on-going. As a result, the network energy saving has been investigated through time, frequency, spatial and power domains. One important technique from the time domain perspective is SSB-less operation. In term of SSB-less operation, intra-band SSB-less SCell has been supported by the current specification via scellWithoutSSB. Furthermore, SSB-less SCell for inter-band CA is referred as a possible frequency domain technique in [2]. 
Therefore, during this WI phase, from RAN4 perspective, the feasibility of SSB-less SCell for inter-band CA to derive the SCell’s time/frequency synchronization should firstly be verified. Then after the verification achieved, some other potential enhancement can be further discussed.
In this document, we provide some analysis on the SSB-less operation for inter-band CA in FR1 co-located deployment.
2. Discussion
In order to achieve the SSB-less operation for SCell activation in inter-band CA scenario, how UE need to conduct the SCell’s time/frequency synchronization, how UE need to conduct AGC retunning, all these issues should be discussed under the condition of the feasibility of SSB-less transmission from the network perspective. 
Before we jump into the discussion of the SSB-less operation, it’s better to know the current usage of SSB during scell activation procedure and we can firstly review the current R16 FR1 SCell activation procedure. Even though some enhancements achieved to support fast SCell activation in R17, the procedure in R16 can be seemed as baseline.
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Figure 1. Current R16 FR1 SCell activation procedure
The procedure shown in Figure 1 is the complete set which includes all related procedures. While considering the to-be-activated SCell may be in different status (e.g. known or unknown), and the UE capability or NW configuration of measurement are possible in multiple permutation. As a result, the actual SCell activation procedure can be classified into multiple cases, each case includes the full set or subset components as shown in Figure 1..Regarding the requirement of Tactivation_time, accordingly multiple cases can be classified as shown in Figure 2.
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Figure 2. Current R16 FR1 SCell activation category
The exact requirements of Tactivation_time for each case in Rel-16 are summarized in the following table 1,with the consideration of R17 fast SCell activation enhancement based on A-TRS. During R17 fast SCell activation discussion, by applying A-TRS to replace the traditional SSB, the ‘known’ cases and one of the ‘unknown’ but ‘have contiguous intra-band active serving cell’ case are enhanced.
Table 1. Summary of Tactivation_time for FR1
	Case ID
	Tactivation_time

	Case 1-1
	TFirstSSB+ 5ms
R17: TFirstATRS +5ms

	Case 1-2
	TFirstssb_MAX +Trs +5ms
R17: TFirstATRS + Tgap + TATRS +5ms

	Case 2-1-1
	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms   R17: TFirstATRS + Tgap + TATRS +5ms
or
TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms

	Case 2-1-2 
	3ms

	Case 2-1-3
	No requirement

	Case 2-2-1
	Semi-persistent CSI-RS is used for CSI reporting: 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP)
Periodic CSI-RS is used for CSI reporting: 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay)

	Case 2-2-2
	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms


For details, we have the following observations.
· For the known case, either all L3 part and all L1 part can be ignored, i.e. Case 1-1, or partial AGC and cell search within L3 part can be ignored, and L1 part can be ignored, i.e. Case 1-2. 
· For the unknown case, if at least one contiguous intra-band active serving cell exists, either all components except for the MAC CE decoding processing can be ignored with the prerequisite of the network meeting the side condition and UE also supporting SCellwithoutSSB, i.e. Case 2-1-2, or cell search within L3 part and the L1 part can be ignored, i.e. Case 2-1-1. Therefore, under Case 2-1-2, no any DL RS necessary during the SCell activation procedure, which can achieve the ultimate power saving and latency reduction from network perspective.
· For the unknown case, if without any contiguous intra-band active serving cell can be as reference, either only L1 part can be ignored, i.e. Case 2-2-2, or none component can be ignored, the full set should be performed, i.e. Case 2-2-1.   
· The enhancement in R17 fast SCell activation lies in two points: to perform the fine time tracking by A-TRS with replacment of SSB; to perform the coarse AGC by A-TRS with replace of SSB. However such enhancements with A-TRS are only allowed in limited cases, i.e. in Case 1-1, 1-2 and 2-1-1.
Observation 1: The requirement of FR1 SCell activation Tactivation_time can be classified into multiple cases with different component constitution under different conditions.
Observation 2: The ultimate case to achieve power saving and latency reduction is supported with the prerequisite of SCellwithoutSSB enabled. Under such case, no any DL RS is necessary during the SCell activation procedure.
Observation 3: Through applying A-TRS to perform fine time tracking and/or coarse AGC in R17 fast SCell activation enhancement, the SSB transmission can be omitted. However such enhancements are only allowed in limited cases.
In terms of the component of the UE operation, the full set of the SCell activation procedure can be devided into three parts: L3 part, L1 part and later part.
During the L3 part, based on the current R16 specification, if the to-be-activated SCell is unknown and there are no any contiguous intra-band active serving cells to be treated reference, two components should be performed by the UE: AGC and cell search. 
The UE performs AGC to obtain the gain factor since when the UE is tuning to the SCell without any prior info, it has to determine the general signal levels on the SCell, so as to set the LNA at an operating point where saturation of the received signal is avoided. To guarantee the accuracy of AGC operation, 2 samples are assumed, so NW has to send twice SSB on the to-be-activated SCell, the processing latency is specified as TFirstSSB_MAX + TSMTC_MAX. For the sake of energy saving, if the UE can reuse the AGC factor of an already active serving cell or determine the AGC factor by assuming an already active serving cell as a reference, then power saving can be achieved by omitting the twice SSB transmission.
Observation 4: For the sake of energy saving, if the UE can reuse the AGC factor of an already active serving cell or determine the AGC factor by assuming an already active serving cell as a reference, then power saving can be achieved by omitting the twice SSB transmission.
However, by analyzing all cases listed in Table 1, in fact such AGC ignoring is only allowed in Case 1-1 and Case 2-1-2, in other words, either the to-be-activated SCell keeps in known status with measurement cycle not larger than 2400 ms, or at least an contiguous intra-band active serving cell can be referenced with the reception power difference not larger than 6dB for the UE capable of scellWithoutSSB. So the prerequisite to ignore the AGC operation is a bit severe. To achieve power saving, frequency measurement is not preferred, so Case 1-1 is in the opposite direction with the goal of power saving. Regarding to the conditions in Case 2-1-2, whether all of them can be satisfied in FR1 inter-band CA, which needs further consideration.
For FR1 inter-band CA, if co-located deployment applied, in fact the RSSI measurements for the inter-band cells mainly differ at the pathloss caused by the difference of cell frequency, so between the two neighbour bands, the difference of the reception power is possible not larger than 6dB, the AGC factor of the already active inter-band serving cell may be reused for the to-be-activated SCell. In this situation, the SSB used for AGC can be ignored. 
Observation 5: For FR1 inter-band CA, if co-located deployment applied, in fact the RSSI measurements for the inter-band cells mainly differ at the pathloss caused by the difference of cell frequency.
Proposal 1: Between the two adjacent bands or close bands, the difference of the reception power is possible not larger than 6dB, propose to reuse the AGC factor of the already active inter-band serving cell for the to-be-activated SCell.
[bookmark: _GoBack]While for the two bands far away in frequency, it is hard to reuse AGC between the cells within different bands. Considering AGC aims to serve the DL reception, if without DL reception but only UL transmission permitted, of course AGC operation can be ignored, so the SSB-less can be achieved. This is an alternative to support the SSB-less when the AGC reusing condition not satisfied. Furthermore, from the perspective of NW power saving, splitting DL traffic and UL traffic into different cells, for the cell only UL traffic loaded, the downlink transmitters can be shut down to achieve NW power saving significantly. 
Proposal 2: AGC aims to serve the DL reception, in order to achieve the further improved network power saving gain, propose to consider the case without DL transmission and with UL reception by shutting down the downlink transmitters. 
Regarding the time/frequency synchronization, in fact both coarse time/frequency tracking and fine time/frequency tracking are involved in current R16 requirements. UE performs coarse time/frequency tracking during the cell search component within L3 part, and performs fine time/frequency tracking after receiving the TCI state indication from NW with in the later part. Only SSB based performing is allowed for both coarse and fine time/frequency tracking in current R16, so besides AGC, additional two SSB have to be sent by NW. To achieve the purpose of NW energy saving, if the time/frequency information can be reused between inter-band serving cells, then such two components can be skipped, i.e. the UE directly reuse the time/frequency information of an already active serving cell to identify the time/frequency synchronization of the to-be-activated SCell.
Observation 6: If the time/frequency information can be reused between inter-band serving cells, then such two components can be skipped, i.e. the UE directly reuse the time/frequency information of an already active serving cell to identify the time/frequency synchronization of the to-be-activated SCell.
Even though the current MRTD requirement for FR1 inter-band CA is larger than CP length, for co-located deployment, due to same propagation delay passed, the main factor lead to RTD between different cells comes from the BS TAE. The BS TAE requirement is defined as 3us for inter-band CA in TS 38.104 in the past. However as shown in the following Figure 3 for inter-band CA BS architecture, if the component bands within inter-band CA combination are co-located deployed, then practical timing difference among different bands should be optimized down to 10ns-65ns which is much less than the normal CP of the supported subcarrier spacing in FR1, as shown in Table 2. Indeed even for the low boundary of 10ns TAE performance, this could be further optimized with pre-compensation algorithm and higher granularity sampling clock in the practice. 
Observation 7: For co-located deployment, due to same propagation delay passed, the main factor lead to RTD between different cells comes from the BS TAE.
In other words, the time/frequency information reusing between inter-band cells are feasible in practice. On top of this, in our view, the scellWithoutSSB can be allowed for both intra-band and co-located inter-band cases.
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Figure 3. The general illustration of inter-band CA BS architecture
Table 2. The CP length and TAE performance for inter-band CA in FR1
	SCS
	CP[us]
	Data[us]
	TAE [ns]

	15
	4.7
	66.7
	10~65

	30
	2.3
	33.3
	10~65

	60
	1.2
	16.7
	10~65


Observation 8: Consider the inter-band CA BS architecture for co-located deployment, the practical timing difference among different bands can be optimized down to 10ns-65ns, which is much less than CP length, so the time/frequency information reusing between inter-band cells are feasible in practice. SSB used for the time/frequency synchronization can be ignored.
Proposal 3: for inter-band CA in co-located scenario, propose to reuse the ScellwithoutSSB for it if the same side condition as intra-band contiguous CA are met. 
After the determination of AGC factor and time/frequency tracking at UE side, the UE is able to receive the RS used for L1-RSRP measurement and report. During the L1 part of SCell activation, the L1-RSRP measurement can be based on SSB or CSI-RS, if applying the latter, then no need to transmit SSB by NW, however the CSI-RS transmission also means power consumed, so if such L1-RSRP measurement can be skipped, performance gain would be achieved from the point of power saving.
Observation 9: If the L1-RSRP measurement can be skipped, performance gain would be achieved from the point of power saving since the SSB or CSI-RS transmission used for L1-RSRP measurement can be ignored.
For FR1, since not need to consider the beam management, the L1-RSRP measurement and report only help the NW to identify the QCL information other than QCL-typeD. In practice, ‘ssb-PositionInBurst’ can indicates only one SSB is being actually transmitted. In such case, if the time synchronization achieved between inter-band cells, the L1-RSRP measurement and report can be ignored. Therefore the corresponding SSB/CSI-RS transmission can be omitted.
Proposal 4: Since beam management not involved in, in practice, ‘ssb-PositionInBurst’ can indicates only one SSB is being actually transmitted. Propose to skip the L1-RSRP measurement and report for inter-band CA in co-located scenario from UE perspective and no SSB/CSI-RS transmission from network perspective.
Regarding to the later part, after receiving the TCI state indication, the UE has to receive one SSB or TRS to trace the fine time/frequency information, this is one of the preparatory operation for the later PDCCH/PDSCH reception. 
Observation 10: The fine time/frequency tracking after TCI state indication is used for the later PDCCH/PDSCH reception.
To avoid the SSB so as to achieve power saving and latency reduction, A-TRS can replace SSB to perform such fine time/frequency tracking, Which is beneficial to realize SSB-less for FR1 inter-band CA. Another alternative is reusing the time/frequency information of an already active serving cell. According to our analysis above, in the case of co-located inter-band CA deployment given that the same side condition as intra-band contiguous CA are met, reusing the time/frequency information of an already active serving cell so as to ignore the SSB/A-TRS transmission, which facilitates NW power saving more than tracing time/frequency by A-TRS. Under such case, both coarse and fine time/frequency tracking operations can be omitted.
Observation 11: Applying A-TRS with replacement of SSB to perform fine time/frequency tracking after receiving the TCI state indication, which is beneficial to realize the SSB-less for FR1 inter-band CA. While reusing the time/frequency information of an already active serving cell given that the condition are met, which facilitates NW power saving more than A-TRS based operation.
From the other hand, if no any PDSCH reception in this to-be-activated SCell, both TCI state indication and such fine time/frequency tracking can be ignored.
Proposal 5: For the case of no PDSCH reception in the to-be-activated SCell, no need to perform TCI state indication and fine time/frequency tracking.
3. Conclusion
In this contribution, we have the following proposals for unknown FR2 SCell activation delay reduction:
Observation 1: The requirement of FR1 SCell activation Tactivation_time can be classified into multiple cases with different component constitution under different conditions.
Observation 2: The ultimate case to achieve power saving and latency reduction is supported with the prerequisite of SCellwithoutSSB enabled. Under such case, no any DL RS is necessary during the SCell activation procedure.
Observation 3: Through applying A-TRS to perform fine time tracking and/or coarse AGC in R17 fast SCell activation enhancement, the SSB transmission can be omitted. However such enhancements are only allowed in limited cases.
Observation 4: For the sake of energy saving, if the UE can reuse the AGC factor of an already active serving cell or determine the AGC factor by assuming an already active serving cell as a reference, then power saving can be achieved by omitting the twice SSB transmission.
Observation 5: For FR1 inter-band CA, if co-located deployment applied, in fact the RSSI measurements for the inter-band cells mainly differ at the pathloss caused by the difference of cell frequency.
Proposal 1: Between the two adjacent bands or close bands, the difference of the reception power is possible not larger than 6dB, propose to reuse the AGC factor of the already active inter-band serving cell for the to-be-activated SCell.
Proposal 2: AGC aims to serve the DL reception, in order to achieve the further improved network power saving gain, propose to consider the case without DL transmission and with UL reception by shutting down the downlink transmitters. 
Observation 6: If the time/frequency information can be reused between inter-band serving cells, then such two components can be skipped, i.e. the UE directly reuse the time/frequency information of an already active serving cell to identify the time/frequency synchronization of the to-be-activated SCell.
Observation 7: For co-located deployment, due to same propagation delay passed, the main factor lead to RTD between different cells comes from the BS TAE.
Observation 8: Consider the inter-band CA BS architecture for co-located deployment, the practical timing difference among different bands can be optimized down to 10ns-65ns, which is much less than CP length, so the time/frequency information reusing between inter-band cells are feasible in practice. SSB used for the time/frequency synchronization can be ignored.
Proposal 3: for inter-band CA in co-located scenario, propose to reuse the ScellwithoutSSB for it if the same side condition as intra-band contiguous CA are met. 
Observation 9: If the L1-RSRP measurement can be skipped, performance gain would be achieved from the point of power saving since the SSB or CSI-RS transmission used for L1-RSRP measurement can be ignored.
Proposal 4: Since beam management not involved in, in practice, ‘ssb-PositionInBurst’ can indicates only one SSB is being actually transmitted. Propose to skip the L1-RSRP measurement and report for inter-band CA in co-located scenario from UE perspective and no SSB/CSI-RS transmission from network perspective.
Observation 10: The fine time/frequency tracking after TCI state indication is used for the later PDCCH/PDSCH reception.
Observation 11: Applying A-TRS with replacement of SSB to perform fine time/frequency tracking after receiving the TCI state indication, which is beneficial to realize the SSB-less for FR1 inter-band CA. While reusing the time/frequency information of an already active serving cell given that the condition are met, which facilitates NW power saving more than A-TRS based operation.
Proposal 5: For the case of no PDSCH reception in the to-be-activated SCell, no need to perform TCI state indication and fine time/frequency tracking.
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